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Abstract. This paper presents the I-band data obtained by 
the ESO Imaging Survey (EIS) over two patches of the 
sky, 6 square degrees each, centered at a ~ 5 /l 40™, 8 ~ 

-24°50 m , and a - 9 ;, 50 m , 8 21°00 m The data are being 

made public in the form of object catalogs and, photometri- 
cally and astrometrically calibrated pixel maps. These prod- 
ucts together with other useful information can be found at 
"http://www.eso.org/eis". The overall quality of the data in the 
two fields is significantly better than the other two patches re- 
leased earlier and cover a much larger contiguous area. The 
total number of objects in the catalogs extracted from these 
frames is over 700,000 down to / ~ 23, where the galaxy cat- 
alogs are 80% complete. The star counts are consistent with 
model predictions computed at the position of the patches con- 
sidered. The galaxy counts and the angular two-point correla- 
tion functions are also consistent with those of the other patches 
showing that the EIS data set is homogeneous and that the 
galaxy catalogs are uniform. 

Key words: imaging survey - star counts- correlation function 



1. Introduction 

This paper presents data for the last two patches (C and D) 
of the sky observed by the public ESO Imaging Survey (EIS), 
being carried out in preparation for the first year of regular op- 
eration of VLT. The I-band data reported here covers a total 
area of 12 square degrees, down to / ~ 23, corresponding to 
two patches probing separated regions of the sky, 6 square de- 
grees each. The present work complements earlier papers in the 
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series (Nonino et al. 1998; paper I, Prandoni et al. 1998; pa- 
per III) and completes the presentation of the data accumulated 
by the EIS observations carried out in the period July 1997- 
March 1998 as part of the wide-angle imaging survey originally 
described by Renzini and da Costa (1997) and in paper I. 

The primary science goal for surveying patches C and D 
was to search for and produce a list of distant galaxy clus- 
ter candidates that would complement those of the other two 
patches (A and B) reported earlier (Olsen et al. 1998a,b: pa- 
per II and V), providing VLT targets nearly year-round. Patches 
C and D were also selected to overlap with the ongoing 92cm 
Westerbork Survey in the Southern Hemisphere (WISH) being 
carried out in the region -15° < 8 < -30° and \b\ > 10°. Orig- 
inally, the EIS observations were expected to be carried out in 
two passbands (V and I). However, because of time constraints 
and the prospect of supplementing the EIS observations at the 
NTT with the new wide-field imager for the 2.2m ESO/MPIA 
telescope, preference was given to increase the area covered by 
the I-band observations, more suitable for identifying distant 
clusters with z >0.6 (see paper V). This decision allowed the 
full coverage of the selected patches, yielding a total coverage 
of 12 square degrees. Combined with the data for patches A and 
B the EIS I-band data covers a total area of about 17 square de- 
grees, currently the largest available survey of its kind in the 
Southern Hemisphere. 

The goal of the present paper is to describe the characteris- 
tics of the I-band observations of patches C and D. In section 
2, the observations, calibration and the quality of the data are 
described. In section 3, the object catalogs extracted from the 
images are examined and compared with data from the other 
patches and other data sets to comparable depth. Concluding 
remarks are presented in section 4. 
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2. Observations and Data Reduction 

The observations of patches C and D were carried out over sev- 
eral months in the period November (December for patch D) 
1997 to March 1998, using the red channel of the EMMI cam- 
era on the 3.5m New Technology Telescope (NTT) at La Silla. 
The red channel of EMMI is equipped with a Tektronix 2046 x 
2046 chip with a pixel size of 0.266 arcsec and a useful field- 
of-view of about 9' x 8.5'. The observations were carried out as 
a series of overlapping 150 sec exposures, with each position 
on the sky being sampled at least twice, using the wide-band 
filter WB829#797 described in paper I, and for which the color 
term relative to the Cousins system is small. 

The data for patches C and D consist of 1348 frames but 
only 1203 were accepted for final analysis, discarding 145 
frames obtained in poor seeing condition ( >1.5 arcsec). The 
frames actually accepted have a seeing in the range 0.5 to 1.6 
arcsec, considerably better than the data available for patches 
A and B obtained at the peak of El Nino. Figure [j] shows the 
seeing distribution of all observed frames in each patch. For 
comparison the figure also shows the seeing distribution of the 
accepted frames, with the vertical lines in each panel indicating 
the median seeing and the quartiles of the distribution. From 
the figure one finds that the median seeing for both patches is 
sub-arcsec (~ 0.85 arcsec) with only 25% of the area covered 
by frames with a seeing larger than 1 arcsec. The good qual- 
ity of the observations can also be seen from figure || which 
shows the la limiting isophote within 1 arcsec for each patch. 
Apart from one subrow in patch C, in both cases the limiting 
isophote is typically /j/ ~ 25.3 ±0.1 mag arcsec -2 . The two- 
dimensional distributions of the seeing and limiting isophote 
are shown in figures || and Q Comparison with similar distri- 
butions presented in earlier papers (paper I and III) shows that 
the data for patches C and D are significantly better. Note that 
for each patch tables are available listing the position of each 
accepted frame, its seeing, limiting isophote and photometric 
zero-point and can be found at " frttp://www.eso.org/eis ". 

In late February 1998, a realignment of the secondary mir- 
ror was carried out by the NTT team in an attempt to mini- 
mize the image distortions seen in the upper part, especially 
the upper-right corner, of the EMMI frames. Some frames for 
patch C and most of the frames in patch D were observed with 
the new setup of the NTT. Examination of the point spread 
function for these frames showed no significant improvement 
in the quality of the images. This points out the need to intro- 
duce a position-dependent estimator for the point-spread func- 
tion to assure uniformity in the star/galaxy separation across 
the frame. This is particularly important for images observed 
under good seeing conditions. In fact, examining the unifor- 
mity of the classification as a function of position on the chip it 
is found that there is a 10% increase in the density of galaxies 
at the upper edge of the chip, due to misclassifications, signifi- 
cantly larger than that seen in paper I. 

In the last three runs (January-March) it was also noticed 
faint (at the la level of the background noise) linear fea- 
tures aligned along the east-west direction (perpendicular to the 



readout axis) associated with moderately bright stars located in 
the lower half of the CCD not previously seen. The cause for 
the these features are at the present time unclear but are proba- 
bly due to the electronic of the old-generation CCD controller 
of EMMI, when used in a dual-port readout mode. These af- 
fects two-thirds of the patch C frames and essentially all the 
patch D frames. These light trails occur randomly in the patch 
and there is no obvious way of correcting for them a priori. An 
important consequence of this problem is that it leads to a lo- 
calized increase in the detection of low-surface brightness ob- 
jects over a range of magnitudes (typically / ^ 20 — 21) which 
can have a significant impact in the cluster detection algorithm 
(Scodeggio et al. 1998, paper VII). This is unfortunate because 
both patches C and D are located at lower galactic latitudes 
(\b\ ~ 25) with almost an order of magnitude larger density of 
stars than the previous patches. 
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Fig. 1. The seeing distribution for the patches C and D obtained 
from all observed tiles (empty bars) and those actually accepted 
for the survey (shaded bars). 
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Fig. 2. The distribution of the limiting isophotes. 
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Fig. 3. Two-dimensional distribution of the seeing as measured 
for patches C (upper panel) and D (lower panel). 

The photometric calibration of the patch was carried out, as 
described in papers I and III, by determining a common zero- 
point for all frames from the solution of a global least-squares 
fit to all the relative zero-points, constraining their sum to be 
equal to zero. The absolute zero-point was determined by a 
simple zero-point offset determined from the common zero- 
point of all frames observed in photometric conditions. There 
are 340 and 290 such frames, covering about 80% and 60% of 
the surveyed area, in patches C and D, respectively (see fig- 
ure ||). The zero-points for these frames were determined using 
a total of 10 fields containing of the order of 45 standard stars 
taken from Landolt (1992 a,b), observed in 10 nights for patch 
C and in 11 nights for patch D. Altogether 215 independent 
measurements of standards in the three passbands were used in 
the calibration. Comparison with external data suggests that a 
zero-point offset provides an adequate photometric calibration 
for the entire patch. 

In order to check the photometric calibration and the uni- 
formity of the zero-points, strips from the DENIS survey 
(Epchtein et al. 1996) crossing the surveyed area are used. The 
regions of overlap of these data are shown in Figure 61 which 
shows that there are five strips crossing patch C and two strips 
crossing patch D. In the figure the regions observed under pho- 
tometric conditions are also indicated. Comparison of this fig- 



Fig. 4. Two-dimensional distribution of the limiting isophote as 
defined in the text estimated from the accepted even frames for 
patches C and D. 

ure with their counterparts presented in papers I and III, clearly 
shows that the data for patches C and D are of superior quality, 
with a much larger fraction of frames taken under photometric 
conditions. 

In order to investigate possible systematic errors in the pho- 
tometric zero-point over the scale of the patch, the EIS catalogs 
were compared with object catalogs extracted from the DENIS 
strips that cross the survey regions (see figure ||). Comparison 
of the catalogs allows one to investigate the variation of the 
zero-point over the patch. The results are shown in figure |[ 
The domain in which the comparison can be made is relatively 
small because of saturation of objects in EIS at the bright end 
(/ - 16) and the shallow magnitude limit of DENIS (/ ~ 18). 
Still, within the two magnitudes where comparison is possi- 
ble one finds a roughly constant zero-point offset of less than 
0.02 mag for both strips and a scatter of ~ 0.2 mag that can be 
attributed to the errors in the DENIS magnitudes (Deul 1998). 

3. Data Evaluation 

In order to evaluate the quality of the data simple statistics com- 
puted from the object catalogs extracted from the images are 
compared in this section with model predictions and other data 
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Fig. 5. Overlap of DENIS strips that cross the the surveyed area 
of patches C (top) and D (bottom). The hatched area repre- 
sents regions containing EIS frames observed under photomet- 
ric conditions. 



Fig. 6. Comparison of the EIS I-band magnitudes with those 
measured by DENIS for the two strips that overlap patch C 
(top) and patch D (bottom). Also shown are the mean and the 
rms in 0.5 mag bins. 



sets. The catalogs derived from individual frames are used to 
generate the even, odd and best seeing catalogs, described in 
earlier papers. The spatial distribution of stars and galaxies, de- 
fined using similar star/galaxy classification criteria as in pre- 
vious papers of the series, are shown in figures ^ and |] down 
to / ~ 21.5 and / ~ 22.5 for stars and galaxies, respectively. 
The latter corresponds roughly to the completeness limit of the 
object catalog. This limit was established using the object cat- 
alog extracted from the co-addition of images of a reference 
frame taken periodically during the observations of a patch. 
Note that because of the much better seeing star/galaxy clas- 
sification is possible down to / ^ 22 and the completeness is 
about 0.5 mag deeper. Some improvement in the classification 
is expected from a new estimator being implemented in SEx- 
tractor based on a position-dependent PSF fitting scheme cur- 



rently being tested. This new version should also improve the 
uniformity of the classification across the chip. 

The distribution of the stars and galaxies shown in figures ^ 
and|^ is remarkably homogeneous and considerably better than 
those seen in the previous EIS patches due to the much better 
observing conditions. This is true except for a small region of 
about 0.2 square degrees in patch C which has been removed, 
as indicated in figure ^. The only problem seen with the galaxy 
catalogs in these patches is the presence of several relatively 
thin linear features clearly seen at high resolution (see EIS re- 
lease page). These features are a consequence of the electronic 
problem mentioned above and are not easily corrected for at 
the image level. 

In order to evaluate the data the general properties of the 
extracted object catalogs are investigated and compared with 
model predictions and other data sets. Note that patches C and 
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Fig. 7. The projected distribution of stars (upper panel, / < 21 .5) and galaxies (lower panel, / < 22.5) from patch C. 



D are located at lower galactic latitude and the number of stars 
is considerably larger. In addition, the seeing is considerably 
better than in previous patches. Therefore, it is of interest to re- 
evaluate the overall performance of the EIS pipeline reduction 
under these new conditions. 

Figure ^, shows the comparison of the star counts for 
patches C and D derived using the stellar sample extracted from 
the object catalogs, with the predicted counts based on a galac- 
tic model composed of an old-disk, a thick disk and a halo. The 
star-counts have been computed using the model described by 
Mendez and van Altena (1996), using the standard parameters 



described in their Table 1 and an E(B - V) of 0.015 and 0.010 
for patches C and D, respectively. It is important to emphasize 
that no attempt has been made to fit any of the model parame- 
ters to the observed counts. The model is used solely as a guide 
to evaluate the data. As can be seen there is a good agreement 
at bright magnitudes (/ <19), but the observed counts show 
an excess at fainter magnitudes (18 < / < 20). Even though it 
is unlikely that this excess is due to misclassified galaxies at 
these relatively bright magnitudes, a better agreement can be 
achieved if a higher stellarity index is assumed. On the other 
hand, it is also possible that the model underestimates the con- 
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Fig. 8. Same as figure for patch D. 

tribution of the thick-disk which makes a significant contri- 
bution in this magnitude range. The steep drop in the stellar 
counts beyond / ~ 21 is partially due to the relatively high stel- 
larity index adopted, which was chosen to minimize the losses 
of galaxies. By adopting a stellarity index of 0.5 the drop in 
the counts may be avoided down to / <21 .5. However, at these 
magnitudes and this value of the stellarity index contamination 
by galaxies may be significant. Another potential problem at 
these faint magnitudes is the misclassification of stars as a con- 
sequence of the distortion effects in EMMI, that can have some 
impact for images taken in good seeing conditions. 



In order to evaluate the depth of the galaxy samples, galaxy 
counts in patches C and D are compared with those of previous 
patches in figure [l(| There is a remarkable agreement among 
the counts derived for the different patches, indicating that the 
identification of galaxies has not been affected by the obser- 
vations at lower galactic latitudes. The galaxy counts obtained 
from the different patches have been combined to compute the 
mean galaxy counts and the variance. This is also shown in 
figure [To] where it is compared to other ground-based counts 
(Postman et al. 1998) and those from HDF (Williams et al. 
1996), appropriately converted to the Cousins system (see pa- 
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Fig. 9. The differential star counts versus the I-magnitude for 
patches C and D compared to model predictions (see text). The 
dotted line represents the disc, the dashed line the thick disc, 
the long-dashed line the halo, and the solid line the sum of the 
three. 



per III). As can be seen the EIS galaxy counts agree extremely 
well with the ground-based data covering comparable area over 
the entire magnitude range down to / ~ 23 and with the bright 
end of the HDF counts. The excellent internal and external 
agreement of the I-band galaxy counts serves as a confirmation 
of the reliability of the EIS galaxy catalogs. Extraction from 
co-added images should allow reaching about 0.5 mag deeper. 

One way of examining the overall uniformity of the galaxy 
catalogs is to use the two-point angular correlation function, 
w(9), as departures from uniformity should affect the correla- 
tion function especially at faint magnitudes. The latter should 
be sensitive to artificial patterns, especially to the imprint of 
the individual frames, or possible gradients in the density over 
the field, which could result from large-scale gradients of the 
photometric zero-point. Note that any residual effect due to the 
improper association of objects in the border of overlapping 
frames would lead to a grid pattern (see the weight map in 
the EIS release page) that could impact the angular correlation 
function. 



Fig. 10. Internal and external comparison of the EIS galaxy 
counts. Upper panel shows the counts for patch C (open 
squares) and patch D (filled squares), compared to the counts 
in patch A (solid line) and patch B (dotted line). Lower-panel 
shows the average counts for all EIS patches and the counts ob- 
tained by Postman et al. (1998) (filled circles) and HDF (open 
circles). 

Figure [H] shows w(0) obtained for different magnitude in- 
tervals for both patches, using the estimator proposed by Landy 
& Szalay (1993). The calculation has been done over the entire 
area of patch D and most of the area of patch C, with only one 
subrow (10 consecutive frames) removed according to the dis- 
cussion above (see section ||). For comparison, w(9) computed 
for the other patches are also shown (papers I and III) from 
which the cosmic variance can be evaluated directly from the 
data. As can be seen there is a remarkable agreement for all 
the magnitude intervals considered. Moreover, the larger con- 
tiguous area of patches C and D allows to estimate the angu- 
lar correlation function out to ~ 1 degree. In all cases w(9) is 
well described by a power law with y in the range 0.7-0.8. 
Note that for patch B the results refer to the galaxy sample ob- 
tained after removing the foreground cluster (see paper III). In 
particular, there is no evidence for any underlying pattern asso- 
ciated with the overlap of different frames. The effect on n>(8) 
was evaluated by carrying out simulations by adding to the ob- 
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Fig. 11. Angular two-point correlation functions computed for 
patches C (open squares) and D (full squares). For comparison 
those obtained for patches A (dotted line) and B (dashed line) 
are also shown. 

served galaxy distribution a grid pattern with different density 
contrast. It was found that for high contrast this would lead to 
local depressions in the angular correlation function on scales 
of half the size of the diagonal of the grid and its multiples, 
with the depth of depression depending on the relative den- 
sity. None such features are seen further indicating the unifor- 
mity of the derived galaxy catalogs. Finally, note that the good 
agreement of w(0) for the different patches confirms that the 
observed small-scale linear features associated with the faint 
light trails, mentioned in section |[ have very little impact in 
the angular correlation function. 

As shown in paper III the dependence of the amplitude of 
the correlation function on the limiting magnitude of the sam- 
ple is consistent with earlier estimates based on significantly 
smaller areas and the recent results reported by Postman et al. 
(1998). These results show that the EIS galaxy catalogs are spa- 
tially uniform and form a homogeneous data set independent of 
the patch, yielding reproducible results. 

Finally, note that even though a single power-law with a 
slope between 0.7-0.8 gives a reasonable fit for the correla- 
tion computed in all magnitude bins, there is some indication 



that for fainter samples (/ >21) the angular correlation func- 
tion may be better represented by two distinct power-laws. On 
small scales ( <30") the slope remains the same while on larger 
scales it becomes gradually flatter. A similar behavior is seen in 
the w(9) computed for all four patches. This flattening seems to 
be consistent with earlier claims by Campos et al. (1995) and 
Neuschaefer and Windhorst (1995) using significantly smaller 
samples, and more recently by Postman et al. (1998) with a 
sample of similar size to EIS but covering a single contiguous 
area. 



4. Summary 

One year after the first observations, the full data set accumu- 
lated by EIS is being made public in the form of astrometri- 
cally and photometrically calibrated pixel maps and object cat- 
alogs extracted from individual images. In addition, separate 
papers have presented derived catalogs listing candidate tar- 
gets for follow-up work. The EIS data set consists of about 
6000 science and calibration frames, totaling 96 Gb of raw 
data and over 200 Gb of reduced images and derived prod- 
ucts. All the information regarding these frames are maintained 
in a continuously growing database. Together with the Science 
Archive Group a comprehensive interface has been built to pro- 
vide users with a broad range of products and information re- 
garding the survey. 

From the verification of the object catalogs and their com- 
parison against model predictions and other observations, it 
has been found that the extracted catalogs are reliable and uni- 
form. When all patches are included, the combined EIS galaxy 
catalog contains about one million galaxies and it is by far 
the largest data set of faint galaxies currently available in the 
Southern Hemisphere. The star counts show a good agreement 
with current galactic models, especially at high-galactic lati- 
tudes, and the galaxy counts agree remarkably well with other 
ground-based observations as well as with the counts derived 
from HDF The data from the different patches seem to be 
rather homogeneous, as strongly suggested from measurements 
of the angular two-point correlation function which should be 
sensitive to large-scale gradients in a patch or to relative offsets 
of the photometric zero-points for the different patches. 

As expected ElS-wide has provided large samples (50 to 
over 200 candidates) of distant clusters of galaxies (Olsen et al. 
1998a,b, Scodeggio et al. 1998) and of potentially interesting 
point sources (Zaggia et al. 1998), more than adequate for the 
first year of observations with VLT, the main goal of EIS. Some 
of the targets can also be observed nearly year round. In order 
to expedite the delivery of the products all the results refer to 
single exposure frames as discussed in the previous papers of 
the series. Even though co-addition has been done for all the 
patches some problems have been uncovered during the veri- 
fication of the object catalogs extracted from them and require 
further work. However, the samples already public are suffi- 
ciently deep and large for programs to be conducted in the first 
year of operation of the VLT. The results obtained from the co- 
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added images will become available before the VLT proposal 
deadline. 

This paper completes the first phase of EIS which will now 
focus on the deep observations of the HDF-south (a = 22 h , 8 = 
-66°) and AXAF deep (a = 3'\5 = -25°) fields. The results 
presented so far show the value of a public survey providing 
the community at large with the basic data and tools required to 
prepare follow-up observations at 8-m class telescopes. The ex- 
perience acquired by EIS in pipeline processing, data archiving 
and mining will now be transferred to the Pilot Survey, a deep 
wide-angle imaging survey to be conducted with the wide-field 
camera mounted on the ESO/MPIA 2.2m telescope. 
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